ABSTRACT In studies extending over the past dozen years, we have observed eight examples of "private" genetic polymorphisms in 12 Amerindian tribes surveyed for electrophoretic variants of an average of 25 proteins. Each of these is presumed to trace to a single mutation. In a preceding communication [Thompson, E. A. & Neel, J. V. (1978) Proc. Natd Acad. Sci. USA 75, 1442-1445] the statistical theory was developed for estimating the likelihood of such a founder effect in a tribal population of this type. In this paper that theory is applied to the distribution defined by these eight variants. It is demonstrated that on the assumption that the phenotypes in question are selectively neutral, such findings are most compatible with a mutation rate of 7 X 10-6/locus er generation. This figure applies only to variants that can be detected by the electrophoretic technique. In a series of recent studies of blood samples obtained from members of relatively intact and unmixed Amerindian tribes in Central and South America, we have encountered a number of "private" genetic polymorphisms. These are defined as apparently unique genetic variants that, within a single tribe or several adjacent and related tribes, attain allele frequencies greater than 1%. These polymorphisms, all of blood serum proteins or erythrocyte enzymes, have been recognized on the basis of their kinetic or electrophoretic characteristics. At present, the precision of the detection of these variants is much greater with the electrophoretic than with the other techniques; this fact permits certain quantitative treatments of the electrophoretic variants. In this communication we restrict ourselves to a consideration of the implications of the eight traits identified by atypical electrophoretic behavior. These eight traits have been observed in a survey of 12 tribes for electrophoretic variants of an average of 25 proteins.
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The frequency with which private polymorphisms such as these are encountered in a defined population is a function of mutation rate, the type of selection operating on tribes in question are adjacent and of the same language family; we assume the mutation occurred prior to the separation of the two tribes.
THE THEORY
In a previous paper (1) we considered the probabilities of any given mutant allele surviving to become replicated in large numbers. Here we consider the total number of such variants we should expect to see in a collection of populations. In the previous paper we derived the probability that within a single population a variant arising t generations ago will now have more than k replicates;
Qt(k) = (I -Rt) (1 ) [1] in which Rt is the probability of extinction over the t generations and Wt is the expected number of replicates at the end of that period conditional upon nonextinction. The expected number of replicates is Mt = Wt (1 -Rt). The input of new variants into the population is independent of the replication process; in any generation, each gene has a probability , of being a new mutation. [3] This sum is in general unbounded, but we are interested in private variants: variants present in a single tribe or closely related tribes. These have presumably arisen subsequent to tribal differentiation. We therefore compute the truncated sum [4] This is the contribution, as a proportion of Ng, to a class of variants now with more than k replicates from those variants age less than T in a single population. Since both means and variances sum over independent populations, it is equally the contribution to the total number of such variants in a group of populations, undergoing the same average demographic pattern, where N now refers to the total number of current genes in all populations. In Fig. 1 , S is considered as a function of T. For small k the largest contributions will come from the recent generations, where a larger proportion of variants survive. For large k only the old variants will contribute, the recent ones not yet having achieved large numbers. Wt is monotonic increasing in t, and the maximal contribution comes from the generation in which Wt = k + 1.
In the previous paper we considered the effect of a period of rapid population expansion and of patterns of cyclic growth on the survival probability of a variant. In the figures and tables to follow, we again consider the results of these same demographic patterns. In Fig. 1 Table 3 . The same results are given diagrammatically in Fig. 2 where the combination of Ng and S values giving the expectation in each class equal to the observed number are shown. For the particular case of Fig. 2 , of variants arising over 400 generations having more than 100 replicates, we see that the data imply a value of No between 2.5 and 17.5, or a value of ti between 1.3 X 10-6 and 9.4 X 10-6/locus per generation.
We see that a mutation rate of 10-6 requires us to find some explanation for the prevalence of the private polymorphisms other than the conditions that have been considered, while if the mutation rate were 5 X 10-5, we would have, under these considerations, to explain why there are not many more. A 
DISCUSSION
In the foregoing calculations, we have tacitly assumed that the mutant allele increases or decreases with the waxing or waning of the population, i.e., that the m values for bearers of the mutant and of the normal allele are the same. This is an assumption of phenotypic neutrality for the heterozygous mutant allele. In a subsequent paper we will estimate the most probable average rate of mutation resulting in electrophoretic variants by a variety of approaches that use all the data on electrophoretic variants in these tribes. A significant discrepancy between that estimate and the estimate of 7 X 106, which was found to be most consistent with the present data, would yield evidence for the operation of selection on traits of this type in these populations. As of now, the salient conclusion to be drawn from the present exercise is that given the breeding structure that we have established for Amerindian tribal populations (4, 5) , the frequency of private polymorphisms in such populations can be explained by mutation rates of the order commonly considered for man coupled with genetic drift, without the obvious necessity of appealing to the action of selection.
However, the mutation rate just quoted, of 7 X 106, applies only to a limited portion of the mutational spectrum at the average structural locus. In the case of the hemoglobin polypeptides, the great majority of electrophoretically detected variants can be shown to be due to single amino acid substitutions, which alter the net charge of the molecule. It is readily calculated that for a typical protein, only about one-third of all the possible one-step mutations that substitute one amino acid for another will result in a charge change. Furthermore, because of degeneracy in the genetic code, and depending on the specific protein, about 23-24% of all nucleotide substitutions will result in synonymous changes (5) . Finally, recent studies on Drosophila suggest that mutations resulting in complete loss of enzyme activity are some 5-6 times more common than those resulting in electrophoretic variants in which enzyme activity is retained (6) . While some of these "null" mutants may be due to single amino acid substitutions, it seems probable that others reflect more drastic changes in the molecule under study. Since the alleles responsible for "silent" amino acid substitutions and loss of enzyme activity must also be subject to genetic drift, one is led to postulate the existence of many more (electrophoretically silent) polymorphisms in these data than have thus far been detected, maintained in toto by a mutation rate considerably higher than that given above.
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